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SATELLITE ORBIT PREDICTOR 
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The satellite orbit predictor is a graphical aid for determining the relationship between the 
satellite (SARSAT or COSPAS) orbit, antenna coverage of the spacecraft and coverage of the 
LUTs. The predictor allows the user to quickly visualize if a selected position will probably be 
detected and is composed of a base map and a satellite track overlay for each satellite. Addition- 
ally, a table of equator crossings for each satellite is included. 
In order for a LUT to receive ELT/EPIRB information from a satellite, mutual visibility be- 
tween the satellite, LUT and ELT/EPIRB must occur. Mutual visibility requires two simultaneous 
conditions: 
a. The satellite subtrack or ground track must lie within a LUT coverage circle for at least 4 
minutes. 
b. and the suspected ELTlEPIRB must lie within the satellite antenna coverage swath during 
the 4 minute period. 
The base map is a polar stereographic projection of the northern hemisphere. The LUT cover- 
age circles are based on the LUT seeing the satellite at the horizon. On projections of this type 
equal increments of latitude are not equidistant. Therefore, the map includes a dot matrix in the 
ocean areas with the dots printed as a one degree latitude by one degree longitude field. Another 
property of the projection is that the center of the LUT coverage does not coincide with the 
actual geographical position of the LUT. 
The overlay shows the satellite ground track or subtrack (black) starting from the ascending 
node (northbound equator crossing) and continuing minute by minute across the overlay. In ad- 
dition, the 10 degree coverage limits of the spacecraft antenna (red) are plotted on both sides of 
the subtrack. The yellow lines connecting the antenna coverage swath and the subtrack indicate 
time in minutes. Just to the west of the left hand antenna coverage limit is a short line segment 
(labeled “next pass”) which is the index for the next ascending node equator crossing. 
The table of satellite equator crossings contains the Zulu date/time group that a satellite will 
cross the equator northbound, the orbit number, and the longitude that it will cross the equator. 
A particular orbit starts when the satellite crosses the equator northbound (ascending) and ends 
just prior t o  the next ascending node equator crossing. The longitudes are listed in degrees east 
longitude, i.e., a negative number in this column is a west longitude. 
To use the predictor, first select an equator crossing from the table and then rotate the satel- 
lite overlay to position the satellite subtrack over the selected equator crossing longitude. The 
predictor now represents the satellite ground track for the selected orbit. Subsequent and previous 
orbit depictions can be obtained by using the “next pass” index. 
For subsequent orbits ... mark or note the longitude beneath the “next pass” index and rotate 
the overlay clockwise to position the satellite subtrack over the new equator crossing longitude. 
For previous orbits, rotate the overlay counterclockwise to position the “next pass” index over 
the present equator crossing. The ground track for the previous pass will be to the right of the 
original orbit, and the subtrack for subsequent orbits will be to the left of the original equator 
crossing. One can do this all the way around the wheel without sacrificing a great deal of accuracy. 
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So far we have just looked at  positioning the overlay to  obtain a depiction of a satellite ground 
track for a selected orbit number and then ground tracks for later and earlier orbits. Now let’s 
examine what information we can get from the depiction. When the subtrack intersects a LUT 
coverage circle, the LUT will receive signals from the satellite for the time period that the sub- 
track is within a coverage circle. An ELTlEPIRB is visible to  the satellite when it lies within the 
antenna coverage limits (red lines). Mutual visibility occurs when an ELTlEPIRB is within the 
satellites field-of-view at the same time that the satellite subtrack lies within a LUT coverage 
circle. From this, we can see for a selected orbit if a spacecraft will be seen by a LUT and ap- 
proximately where ELTs/EPIRBs must be located to be processed by a LUT. The predictor can 
be used for more sophisticated problems such as approximate AOS and LOS at a LUT, next time 
an ELT/EPIRB will be in mutual visibility, and when/if an area of interest will be seen by a satel- 
lite and a LUT. 
To determine approximate AOS and LOS at a LUT, refer t o  the equator crossing table and note 
the time (in Zulu) that the satellite will cross the equator. Next, position the overlay as previous- 
ly discussed and count the yellow lines from the equator t o  the point a t  which the subtrack inter- 
sects the LUT coverage circle. Add the number of minutes to  the time of equator crossing and 
you have the approximate AOS. Continue counting the yellow lines until the subtrack exits the 
LUT circle and add them to the AOS time and you have the approximate LOS as well as the ap- 
proximate duration of the pass. (See example 1.) 
Finding out when the next time an ELT/EPIRB will be in mutual visibility of the satellite and 
LUT is simply a combination of the above two tasks. From the original orbit, move the overlay 
clockwise orbit-by-orbit using the “next pass” index until mutual visibility is established and then 
reference the equator crossing table for the time of equator crossing using the longitude now under 
the ascending node. By counting the minutes since equator crossing and adding them to the time 
of equator crossing, one comes up with the approximate time the ELTlEPIRB will next be in 
mutual visibility. (See example 2.) 
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Using the orbit predictor to determine when and if an area of interest will be viewed by the 
satellite and the LUT is a bit more complicated. First, locate the area of interest on the base map, 
refer to  the equator crossing table for a longitude within plus or minus 20 degrees that has an 
equator crossing time within the appropriate time frame, position the overlay at the selected 
longitude and determine if mutual visibility will exist. (See example 3.) If there is not mutual vis- 
ibility on that orbit, rotate the overlay using the “next pass” index until you determine that 
mutual visibility exists or that the interest area is too distant from a LUT or the satellite subtrack 




1. Refer to  the equator crossing table for time and longitude of the desired equator crossing: 
TIME (GMT) 
day hr mn sc 
292 9 32 4 
292 11 17 26 
292 13 2 48 
292 14 48 9 
292 16 33 31 
















From the equator crossing table, select orbit number 1526. The Zulu date/time group for the 
equator crossing is 292 (19 Oct) 1448:09. The longitude of the equator crossing is 59.45 W. 
2. Position the overlay so the subtrack coincides with the northbound equator crossing and 
then count the number of yellow lines (minutes) from equator crossing to the point where the sub- 
track enters a LUT circle (AOS) and exits a LUT circle (LOS). 




Position the overlay so the ascending node is set at 59.45 W. Now count the number of yellow 
lines from the equator until the subtrack intersects a LUT circle. In this case the subtrack inter- 
sects a lut circle 5 minutes after crossing the equator, the subtrack lies within the LUT circle for 
14 minutes before exiting. Adding these times to  the equator crossing time of 1448:09 yields an 
approximate AOS of 1453:09 and an approximate LOS of 1504:09. 
EXAMPLE NO. 2 
1. From the original orbit move the overlay clockwise using the “next pass” index until mutual 
visibility is established. 
Figure 2 
Assume there is an ELT located at 40 00.0 N. and 080 00.0 W. The original orbit (1526) is 
within mutual visibility, and we want to know the next time the ELT will be in mutual visibilitv. 
The “next pass” index is at approximately 087 W. rotate the overlay until the subtrack coincides 
with 087 W. 
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Figure 3 
By looking at the subtrack and LUT circle, we see that the satellite will see the ELT and LUT 
on the next orbit (#1528). Adding the times to the equator crossing time (1633:31) gives us an 
approximate AOS of 1637, a 16 minute pass with an approximate LOS of 1653. 
EXAMPLE NO. 3 
SCENARIO: Assume you are interested in using the SARSAT system to locate the possible 
wreckage of a light aircraft that departed Charleston, South Carolina, enroute to Roanoke, Vir- 
ginia. The aircraft departed Charleston at 13002 on 19 October 1982 and never reached Roanoke. 




The route of flight is marked in the expanded box: approximate longitude is 080 W. 
2. Refer to the equator crossing table and select an orbit within 20 degrees of the approximate 
longitude and within the appropriate time frame. 
TIME (GMT) 
day hr mn sc 
292 11 17 26 
292 13 2 48 
292 14 48 9 
292 1 6 3 3  31 














From the table there are two orbits that are within plus or minus 20 degrees of the route of 
flight; 1526 and 1527. Orbit #1526 is the earliest (14482) and is within our time frame. 




Remember, mutual visibility exists when the ELTlEPIRB is within the satellite antenna swath 
aiid the satellite subtrack is within a LUT tide. We can see that the ground tmck is within the 
LUT circle. Also, the route of flight we are interested in is within the antenna swath at the same 
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West longitude is negative ( - 1  
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153 02:58:22 178.05 
153 04:43:15 151.71 
03 : 52 :io 
ii2:37: 32 
04: 22 :53 
Ob: OR: 14 
07: 53 :36 
88: 38: 57 
i f  :?4:1? 
f3:09:4fl 
!4 :55 : $1 
i t :  40 :?3 
!3:25:44 
21 . i f  : 05 
?! :56 :?7 
22 : 4: : 48 
E!?. ?? 
95.715 
6 9 .  2? 




-63 .23  
-89.50 
r i d  .?6 
-142.43 
- i b S .  E? 
f64.64 
138. is 











































06: 28: 08 
08:13:01 
09: 57: 54 
11 : 42 : 47 
15: 12:32 

















West lsngitude is negative (-) 
17 
Satellite C1 
TIME (GMT) E.  LONG. @ R E I T  
d a y  hr fin sc deq dQ 
West longitude is negative ( -  ) 
Satellite C2 
TIHE (GMTj E .  LONG 





01 : 21 :55 
03: 06: 48 
04:51 :41 
Ob: 36: 34 
08: 21 : 27 
10:06:?0 
1 f : S i :  12 
13 : 36: OS 
15: 2 0 : 58 
17:@5:51 
f8:SO :44 
20 : 35: 37 














































90 . O O  
63.66 
37.31 






























































GHT) E .  LONG 
nn 5c de9.dg 
154 01 04:15 













0 0  : 42: 27 
04 :  05: 63 
05. 46: 22 
0727 :40 
09 : 08: 58 
10:SO: 16 
12: 31: 34 
14 : 12 : 52 is: s4: 10 
17: 35 : 28 
f ? :  i6:46 
20 3511: 04 
02 : 23: 45 


























































-41 .48  
157 01:40:11 -?2.13 
157 03:21:25, -117.45 
157 05:02:4? -i42.77 
157 06.44:05 -1bS 10 




































































Satellite C1 Satellite C2 Satellite S I  
TIME ( W i T )  E. LONG. ORE11 
dav hr mn 5c dcq.dq 
4 4 7  c': 





- i 4 . 7 &  
-4:. 22 
-&? . bf! 
-99. i 5  





TI f lE  (GfiT1 E .  LONG. G R B i i  TIRE (GHT, E .  LONG. GREIT 





























00 : 33: 42 
0.2; i8:35 
04: 03:27 
05 : 48 : 20 




14 : 32 : 44 
16:17:37 
18: 02:30 
19: 47 :23 
21 : 32: 16 
23: 17:09 
160 01:02:01 
160 02: 4634 
160 06:16:40 



















































































































0 0  : 56:  36 02: 37 : 54 
04: i?: 12 
06: 0 0 : 30 
07 : 41 : 48 
09: 23: 06 
ii:04:24 
12: 45: 42 
14 : 27: 01 
16: 08: 19 
17 : 49: 37 
19: 30 : 55 
2f:f2:13 
22 :53: 31 
00 : 34: 49 
02: 16: O? 
03 : 57 : 25 
OS : 38 : 43 
0720: 01 
09:01:19 
I O  : 42: 37 
12: 23: 55 






































1054 140 15:46:31 56.32 1038 
1055 160 17:27:49 31.00 1033 
10% 160 1?:09:07 5.67 1040 
1057 160 20:50:25 -19.65 1041 








i 12:02:08 . 13:43:26 
L 15:24:44 
. 17:06:02 



















West longitude is negative (-,:I 
19 
Satellite C1 Satellite C2 Satellite SI 
TTf lE  ( G t l T i  E .  LONG 
day hr fin sc d e g . d g  
TInE (GMT) E .  LONG. ORBIT 71HE ( G M l )  E .  LONG. O R B I T  
























































i b 2  
01  : 32 : 32 
@3:13:50 
04:55:08 
Ob: 36: 26 
08: 17 : 44 
09: 59: 02 
1 1: 40: 20 
13: 21 :39 
15 : 02 : 57 
1 6 : 44 : 15 
1 8 : 25 : 33 
20: @6:51 
21: 48: 09 






































02:  55:20 
04: 40 : 12 
Ob: 25: 05 
08:09:58 
09: 54:51 
1 1 : 39 : 44 
13 : 24: 37 
15: 09:29 
16: 54: 22 
1 8: 39 : 15 
20 :24: 08 
22:09:01 


































































































00 : 48: 57 
U2:30:16 
04 :  1 1 : 34 os: 52: 52 
07:34: 10  
09: 15:28 
1 0 :56: 46 
12: 38: 04 
14:19:22 
16: 0 0 : 4 @  
17: 41  :5E 
19: 23: i b  
21: 04:34 
22: 45: 52 
00 : 27 : 1 0 
02: 08:28 
03: 49: 46 
OS: 31: 04 
0?:12:22 
C8: 53: 40 
10 : 34 :58 
12:i6:16 
13: 57 : 34 
1s : 3% :53 
i? :20: 1 1 
i?: 01 :?9 
20 : 42 : 47 


























2 .  16 
-23. i t  
-48.49 










































West lonaitude is negative ( - 1  
20 
C?!?S!P!AL PAGE IS 
OF POOR QUALITY 
Satellite C2 Satellite S1 Satellite C1 
TIHC i M T i  E:. LONG. OriEI'T TIHE i G M T )  E .  LONG. ERRIT 
























































i66 20:20 :59  
166 22:02:1? 
166 23:43:35 
B O  : SO : 32 
02: 35 : 25 
04:  20: 18 
06: 05:ll 
07: 50: 04 
09: 34 : 56 
1 1 : 59 : 49 
13: 0 4 4 2  
14 : 49 : 35 
1 6 : 34 : 28 
18: 19:21 
20 : 04: 13 
21 : 49: 06 














































































-58 .29  
-1i4. 76 


















































































































































West longi tude  is neqative I - ) .  
21 
Satellite C1 Satellite C2 Satellite SI 
TIME ( G t i T i  E .  LFINC, OREIT 

























- 4 L 7  "8 
i b 6 . 2 5  
139.79 
113.32 
+ V I  . L  







































































171 00:58:57 177.01 if.'?& 
171 02:43:50 150.66 1197 
171 04:28:43 124.32 1198 
171 06:13:36 97.97 1199 
171 07:58:29 71.63 1200 
171 09:43:21 45.28 1201 
171 11:28:14 18.93 1202 
171 13:13:07 -7.41 1203 
171 14:SB:OO -33.76 1204 
171 16:42:53 -60.10 1205 
171 18:27:45 -86.45 1206 
171 20:12:38 -112.79 1207 
171 21:57:31 -139.14 1208 
171 23:42:24 -165.48 1209 
172 ei:27:17 168.17 1210 
172 03:12:10 141.83 1211 
172 04:57:02 115.48 1212 
172 06:41:55 89.13 1213 
172 08:26:48 62.79 1214 
172 10:11:41 36.44 1215 
172 1i:56:34 1O.iO 1216 
172 13:41:26 -16.25 1217 
172 55:26:19 -42.60 1218 
172 17:il:iZ -68.94 1219 
172 i8:56:05 -5'5.29 1220 
172 20:40:58 -121.63 1221 





























TIME (GHT) E .  LONG. ORBIT 
































E3 : 42 : 07 
05 : 23 : 25 
07: 04:43 
08:46:02 
10 : 27: 20 
12: 08:3B 
13 : 49 : 56 
15:3i: 14 
f7: 12: 32 
18: 53 : 56 
20:35:08 
22: i b :  26 
23: 57: 44 
01 : 39 : 02 
U3: 20 :20 
05:01 :38 
06 : 42: 56 
08:24:14 
10: 05~32 
11 : 46: 56 
13 : 20: 00 
15: 09:26 
16 : 50 : 44 
18: 32: 02 
20:13:20 
21 : 54 :30 







136. i 8  
110 .85 
85.53 

















































175 04:17:{5 -86. 
17 0~:58: 3 -111. 
172 04:39:51 -136.94 1202 
172 06:21:09 -162.26 1203 
172 08:02:27 172.91 1204 























00 : 55: 27 
02 : 36: 45 
04: 18: 03 
05 : 59: 21 
07: 40 :39 
09 : 21 :57 
i1: 03: 15 
12 : 44: 33 
1 4: 25 : 52 
16: U7:iO 
17: 48 : 28 
19 : 29 : 46 
21: 11: 04 














































Satellite S1 Satellite C1 Satellite C2 
TIHE (GHT) E .  LONG. ORBIT 
ddV hr r)n sc deq.dq 
TINE (GNT) E .  LONG. ORBIT 
day hr fin sc deg .dg  
TIME i U i T !  E. LONG. 









































































00 : 39: 03 
02: 23: 55 
04: 08:48 
05:53:41 
07: 38: 34 
09: 23: 27 
11: 08: 19 
12: 53: 12 
14: 38: 05 
16: 22 : 58 
18: 07:51 
19: 52: 44 
21 : 37:36 





























174 00:33:40 -75.38 
174 02:14:58 -100.70 
174 O3:56:ib -126.03 











07 : i8 : 52 
09:00:10 
1 0 : 41 : 28 
12 : 22 : 46 
14:04:04 
15 : 45: 22 
17:26: 40 
19: 07: 58 




























04: 37: 08 
Ob: 22 : 90 
08: 06 :53 
09: 51 : 46 
11 : 36: 39 
13:21:32 
15: 06:24 
16: 51 : 17 
18: 36: 10 
20:21:03 
22: 05:56 
23: 50 : 49 











































o n :  r i :52 
03: 34: 28 
05:15:47 
Ob: 57 : 05 
08: 38: 23 
10:19:41 
12: 00 : 59 
13:42:17 is: 23: 35 
















































0 1 : 35 : 41 
03 : 20 : 34 
05: OS:?7 
06: 50 :20 
08: 35: 13 
1 0 : 20 : 05 
12: 0448 
f3: 49:51 
15 : 34:44 
17 : 19 : 37 
19:@4:29 
20 : 49 :22 










































00 : i9:O8 
02:04:91 
03: 48: 53 
05 : 33 :46 
07: 18:39 
09: 03:32 
10 : 48 : 25 
12 : 33 : 18 
14:10:10 
16:03:93 
17: 47 :56 












































West ,longitude is negative ( - ) .  
23 
Satellite C1 Satellite C2 Satellite SI 
TIME (M71 E .  LONG. ORPJT 
b a s  hr fin sc dpq I s  
F., 
i L  7 c  i;;;$ 










-,?O : fi 
Ll.12 
L .  d 
66.25 
























TJMC (Gt4T) E LONG O R B I T  TIME (GMT)  E: LONG ORBIT 

























































01: 44: Ob 
03: 28: 59 
OS: 13: 51 
Ob : 58: 44 
08: 43: 37 
1 0  : 28: 30 
12 : 13 : 23 
13 : 58 : 15 
15: 43: 08 
17 : 28 : 01 
19:12:54 
20 : 57 : 47 
























































































02: 07:  19 
03: 48: 37 
05: 29 : 55 
07: 11: 13 
08:52:31 
1 0 : 33: 49 
f 2 :  15: 07 
13 : 56: 25 
15: 37: 43 
17: 19:Oi 
19: 00:  19 
20 :41:37 
22: 22: 55 
0 0  : 04: 13 
01: 45:32 
03: 26: 50 
05:08:08 
Ob: 49:2b 
0 8 : 3 0  :44 
10: 12: 02 
i l  : 53 :20 
13 : 34 : 38 
15 : 15 : 56 
16: 57: 14 
18: 38: 32 
20: 19:SO 
22: 01 : 08 
































































































































ORIGINAL PAGE f @  
OF POOR QUALITY 
Satellite C1 Satellite C2 Satellite S I  
TlHE iGHT) E. LONG. ORBIT 
day hr fin sc deq.dg 
TIME (GHTt E .  LUKG 
























































TIME ( M T )  E. LONG. ORBIT 


























































































































































00 4 0 :  09 
02: 21 : 27 
t i :  62 : 45 
05:44:ii3 
07 : 25 : 22 
09: 06: 40 
10: 4?: S8 
12 : 29 : 16 
14:10:34 
15 : 51 : 52 
17: 33 : 10 
i9: 14:28 
20 : 55 : 46 
22 : 37: 04 
00: 18:22 
0 1 : 59 : 40 
03:40:58 
07: @3:34 




15: 30: 04 
17:11:22 
18 : 52 : 40 
20 : 33 : 58 
22: 15: 17 
23: 56: 35 
01:37:53 
03: 59:if 
05 : 0 0  : 29 
06 : 41 : 47 
08 : 23 : 05 
10 : 04 : 23 
1 1 : 45 : 41 
i3 : 26 : 59 
15: 08: 17 
16: 49: 35 
18 : 30 : 53 
20:12:1i 
21 :S3:29 
23: 34: 47 

















03: 37: 23 
05: 22: i b  
07:07:09 
08: 52 : O i  
10 : 36 : 54 
12: 21 : 47 
14: 0 6 : 40 
15 : 51 : 33 
17 : 36 : 25 
i9:2)1: 18 
21 : 06: i i  












































0 : 35: 57 
12 : 20 : 49 
04: OS: 42 
05 : SO : 35 
09: 20:21 
1 1 : OS: 13 
12 5 0 :  06 
1 4: 34 : 59 
16: 19:52 
18: 04~45 
19 : 49: 37 
21 : 34: 30 
23: 59:23 











































West longitude is negative ( - )  
25 
Satellite C1 Satellite C2 Satellite S1 
TIttE (GhT) E .  LONG. ORBIT 




















09 : 48: 40 
11: 33: 33 
13: i8:26 
15:03:18 
16 : 48: 11 
18:33:04 
20 : 17:57 
22:02:50 












































02 : 57 : 23 
04 : 38 : 41 
06:19:59 
08:01:17 
09: 42: 35 
11 : 23: 54 
13:05:12 
14:46:30 
16: 27: 48 
i8:09:06 
1950: 24 
21 : 31 : 42 























































































































































































































































109 13 : 41 : 07 
189 15:22:26 
105' 17: 0344 
189 18:45:@2 



















ORIGINAL PAGE IS 
Of POOR QUALITY 
Satellite C1 Satellite C2 Satellite S I  
























































TIHE (GHT! E. LONG. ORBIT 

















ivi ~ ~ : ~ i : ~ ~  
191 06:12:21 
19i 07:53:39 


























































































i 4 E  
1483 
1 A " l 3  








i!? . g  
i 7  . i! 
191 17:24:55 -105. 15 
191 19: 0 9 :  47 -131. SO 
191 20:54:40 -157.85 















00 : 24 :26 
02: 09: 19 
0354: 12 
05:39:04 
07: 23: 57 
09: 0 8 4 0  
10 :53: 43 
12:38:36 
14 ; 23 : 28 
16: 08:21 
17 : 53 : 14 
19: 38: 07 
21 :23: 00 
23: 07:52 
143.46 





































































00 : 52 : 45 
02: 37: 38 
04: 22 :31 
Ob: 07:24 
07:52:16 
09: 37: 09 
































i93 21 : 51 : i9 -175.52 
193 23:36:12 158.13 
Uest longitude is negative ( - 1 .  
27 
Satellite C1 Satellite C2 Satellite S1 
T T M f  (GMT; E LONG ORRIT 
d a y  hr  nn sc de0 dr! 
TIME (GHT; E LONG. OREIT TIME !C.HT) t: LONG D P f f l T  














01:21 : 04 
03 : 05: 57 
04:SO: 50 
06 : 35: 43 
08:20:36 
10 : 05: 28 
11:50:21 
13: 35: 14 
15: 20: 07 
17 : 05: 00 
























































































04: 30 :S5 
Ob: 15: 40 
00: 00: 41 
09: 45: 34 
11 : 3026 
13: 1s: 19 
15: 00: 12 
16 : 45 : 05 
18 : 29: 58 
20: 14 :SO 
21 : 59 : 43 







































































































































































































Satellite C1 Satellite C2 Satellite S1 
I’IHE ( G M T I  E. LONG. OREIT ‘TIME (GHT) E .  LONG. O R P I T  TIME (GMT) E. LONG. ORBIT 





































































































































































































00 : 4 1 :  15 







































n f  : i4:56 
02: 56: IS 
04 : 37 : 33 





















!73 . ? I f  
147. 24 
120.73 
04: 1 i:OO 
05 : 55:53 
07 :40 :46 
09 : 25 : 39 
11 : 1 0 : 32 
12 : 55: 24 
14:40:17 
16: 25: 10 
18:10:03 
19 : 54: 56 
21 : 39: 48 
23 :24:4f 
0 8 : 0 0 : 0 9  
09: 41: 27 
i1 : 22: 45 
13:04:03 
14 : 45 : 21 
16:26: 39 
18 : 07 : 57 
19 :49: 15 
21 : 30 : 33 



















m . 7 3  
iio. 27 
5?. 34 




















01 : 09:34 
02 : 54: 27 
04:39 :20 
06~24: 12 
08: 09: OS 
























































































Ues: longitude is negative i-). 
29 
Satellite C1 Satellite C2 Satellite S1 
7 i ~  (Gn?) E .  i3dG. CRE!T TIYE ( M i ;  E .  LMG. 5RbIT 
d a y  hr nn sc deg d g  
01 : 37:53 
03: 22: 46 
05: 07:39 
Ob : 52 : 32 
08: 37 :25 
10 : 22: 17 
12: 07: 1 0  




20 :51 :34 












-176. 04 is?. 62 
203 00:21:2O 131.27 
203 02:06:13 104.93 
203 03:51:05 78.58 
203 05:35:58 52.23 
203 07:20:51 25.89 
203 09:05:44 -.46 
203 10:50:37 -26.80 
203 12:35:30 -53.15 
203 14: 20 : 22 -79.49 
203 16:05:15 -105.84 
203 17:50:08 -132.19 
203 1?:35:01 -158.53 
203 21 : 19:54 175.12 





































































day hr mn 5c deg.dg 
202 00:31:22 










































































































































































West longitude is neaative ( - 1 ,  
30 
ORIGINAL PAGE IS 
OF POOR QWALiTv 
Satellite C1 Satellite C2 Satellite S1 
TIRE (GMTI E. LONG. ORBIT  
























































* Y ,  * 
T I M E  (GhT) E. LONG. 






















































































































-74.59 -i[if, 95 
&Li . 52 
-153. ?e 
I??. 55 
i C 7  no 
i 2 b .  52 
165. ! b  
73.69 
47 .23  
A 387 
-I. urn 
- 3 4  " 
L L  .Ob 
-.i 3" 





























q n i  n.r n r  ncl 
C U I  uc:u3:uc 
207 03:46:20 
2U7 05:27:38 
























' 7 f  . Y Y  











- 4 4 4  C L  
















01 : 43: 14 
03 : 24: 32 
05:05:50 
06:47:08 
08: 28: 26 
10 : 09: 45 
i1:51: 03 
I3 : 32 : 21 is: 13:39 
i 6  : 54: 57 
18:36: 15 
20: 17:33 
21 : 58: 51 
23: 40: 09 




























i 0 S . b l  
79.15 
52. 68 









































Wes: langi tude  is  negative ( - 1  
31 
Satellite C1 Satellite C2 Satellite SI  
TlMt (CMT) E LONG ORPIT T I Y L  ( G M T )  E LONG OSEIT 
















01 : 54: 43 
03 : 39: 36 
05: 24 :28 
07: 09: 21 
08: 54: 14 
10 :39: 07 
12: 24: 00 
14 : 08: 53 
15 : 53: 45 
17 : 38 : 38 
19: 23 : 31 
21 : 08:24 















00 : 38: 09 
0223: 02 
04: 07:% 
05: 52: 40 
07: 37:41 
09: 22: 34 
11 : 07: 26 
12 : 52 : 19 




21 : 36: 43 
23: 21 :36 
113.25 






























































































































L L 1: 7:23 











































213 01:34:48 95.57 1773 213 01:35:36 -90.58 1783 
213 03:19:41 69.22 1774 2i3 03:16:54 -115.90 1784 
213 05:04:34 42.88 1775 213 04:58:12 -141.23 1785 
213 06:49:27 16.53 1776 213 06:39:30 -166.55 1786 
213 08:34:20 -9.85 1777 213 08:20:4Y 168.12 17S7 
213 10:19:13 -36.16 1778 213 10:02:06 142.80 17k8 
213 12:04:05 -62.5i 1779 213 11:43:24 117.48 1789 
253 13:48:58 -88.85 17230 213 13:24:43 92.14 175'0 
213 1S:33:51 -115.20 1781 213 1S:Ob:Oi 66.82 1791 
213 17:18:44 -141.54 1782 213 16:47:19 41.49 1792 
213 19:03:37 -167.89 1783 213 18:28:37 16.17 1793 
213 2 0 ~ 4 8 ~ 2 9  165.76 1704 213 20:09:55 -9.56 1794 
213 22:33:22 139.42 1785 213 21:Si:i3 -34.40 1795 
213 23:32:35 -59.80 1796 
West longitude is negative ! - ' I .  
32 
ORIGfNAL PAGE" IS 
OF POOR QUALITY 
Satellite C1 Satellite C2 Satellite S I  
T I M E  (GHT) E .  LONG. ORPI: 
day hr nn sc d e q . d g  
TIME (GHTi E. LONG. ORBST 
















































































































215 21 : 07:38 
215 22:48:56 





































i t .  13 
-1C.36 
-J(j,g3 
-63. ?P -.E9,76 
-1i5.22 





























































































-63 I 31 
5 . 5 9  


















































Uest !angi:ude i; negative ( - i  
33 
Satellite C1 Satellite C2 Satellite S1 
TIHE (GHTj E. LONG. OREIT 
day h r  nn 5c d x . d q  
TIME (GHT) E. LONG 
day hr fin 5c deq.dg 
21.55 






















5 5 0 5  































i f .  04 
-15.42 
- 4 i .  33 
- L O  35 
-94. e2 
- i? i  . 2 E  









































































































218 0 6 : 1 0 : 0 S  
219 07:51:23 
219 ii:f3:5? 






















































































































i W 4  
1395 
West longitude is negative { - ) .  
34 













222 21 : 33:40 











































































































..-X"l 1, -1 n.. 

































































f !  . 4 4  
-!5. a3 











- L 7  D L  
















01 : 31:45 
03 : 16:38 
05: 01 :31 
06 : 46:24 
08: 31 : 17 
10 : 1b:iO 
12:01:02 
13 : 45:55 
15: 30 :48 
17: 15:41 
19 : 00 :34 
20 : 45: 27 
22: 30 : 20 
77.36 




























































































































00 : 36: 46 
02: 18: 04 
03 : 59: 22 
05:40:40 
07 :21 :58 
09:03:16 
10 : 44: 34 
12:25: 52 
14: 07: 11 
15: 48 : 29 
17 : 29 : 47 
19: 11: 05 
20 : 52: 23 





























West longitude is negative ( - 1 .  
35 
Satellite C2 Satellite S1 Satellite C1 
T IME (GMT) E. LONG. O R B I T  TIEE ( i ; n ? I b  E .  tf3MG. ORBI?  T M E  (GhT) E. LONG. ORBIT 















O i  :40: 12 
03:25:04 
05: 0957 
06: 54: 50 
08: 39: 43 
10 :24 : 36 
12: 09: 29 
13:54:21 
15: 39: 14 
17: 24: 07 
19: 09:OO 
20 : 53: 53 
























228 21 :28: 19 
228 23:09:37 
$Pi 0, :44:01 





























West longitude is n e q a t i v e  (-.)  
36 
Satellite S I  Satellite C1 Satellite C2 
TIME iZHTf  E .  LOHZ. ORBIT 
d a y  h; nn sc decj.dg 
T I H E  (GflT)  E .  LONG. ORBIT 
day hr nn sc d e q . d g  
TIHE 1Gi9T) E .  LONG. ORBIT 
d a y  hr cm sc deg.dg 
5651 























































00 : 29: 08 
02:10:26 
03: 51 : 45 
05: 33: 03 
07:14:21 
08 : 55: 39 
10 : 36 :57 
12: 18: 15 
13:59:33 
15: 40 :Si 
17 : 22 : 09 
19: 03:27 
20 : 44 : 4s  










































































G C  : 41 :43 
CI:?7;U4 
fi4: 1?:25 
05: 57 : 47 
O7:43: 08 
19 :  ?3:30 
i i :  1 3 ~ 5 1  
1?:59: f 2  
14: 44 :34 
i b  :5.3 :55 
18: I S :  17 
20 : I? 0 38 
21 : 4s: 59 
23 : 31 : 2: 
-0 .  f9 
35. t S  




165. f t  
!E. ia
1:2. $3 



















c : T .  
5 ci e j  






























08: 48: 09 






21 : 02: 19 

















04: 49: 28 
Ob: 30 :46 
08: 52: 04 
09: 53: 22 
11 : 34: 41 
13:15:53 
14 :57: 17 
i6: 38: 35 
18:19:53 
20: 01: 11 
21 : 42:29 




















































03 : 05 : 2 0  
01 :si :42  
03: 37: 03 
05 :22 :?4 
O?: 07: 46 
G8:53:07 
1 0 : 38 : 28 
!2 : 23 :50 
14: I ) ? :  f i  
i5: 54 :33 
17: 3 9 :  54 
1?:25: i5 
21 : 1 0 : 37 
22 : 55 : 58 
-3 .74 









9 : .  bf  
55.  f5  
38.69 




























00 : 32: OS 
02: 16:S8 
04: O M  
OS : 46 : 43 
























01: 0 5 0 5  
02 : 46 : 23 
04: 27:41 
06 : 08 : 59 
07 :SO: 17 
09:31 : 35 
11: 1263 
12:54:5i 
14 : 35: 30 
16: 1 6 :  48 
17~58: Ob 
19: 39 : 24 
21 : 20 :42 















Uest longitude is negative ( - )  
37 
Satellite C1 Satellite C2 Satellite S1 
TIME (GHT) E .  LONG.  OHPIT 





- i ? n  4 A L U . A g  
-146.52 
- 4  71 







f . 7 1  
T I S  iG t iT ;  E .  LONG. OREIT 
















02: 45: 18 
04:30:10 
06: 15: 03 
07 : S9:Sb 
09 : 44 : 49 
11 : 29: 42 
13: 14:35 
14 : 59: 27 
16: 44: 20 
18: 29: 13 
20 : 14: 06 
21 : 58 : 59 































00 : 12 : f2 
01:57:04 
03: 41 : 57 
05: 26: 50 
07:11:43 
08: 56: 36 
10 : 41 : 29 
12: 26: 22 
14: 11 :14 
15: 56: 07 
17: 41: 00 
19: 25: 53 
2i: 10 :46 






































































Tif lE  i G M T f  E. LO?G. OREIT 
day hr nn sc d q  .dg 
00 : 43: 18 
02:24: 36 
04:05:54 
05: 47: 12 
09:09:48 
10 :Si: Ob 
i2 : 32 : 24 
14 : 13: 42 
15: 55: 01 
17:36:19 
1?:17:37 
20 : 58: 55 
22 : 40 : 13 





































235 18:55:50 9.52 2 i U 6  
235 20:37:08 -15.81 2107 
235 22:18:26 -41.13 2100 
235 23:59:44 -66.45 2109 
236 Ot:4f:02 
236 03:22:20 


















































































best longitude is neqative ! - j .  
38 
Satellite C1 Satellite C2 Satellite S I  
TIhE (GhT) E. LONG. ORFIT TIME (G)IT) E .  LONG. ORPIT TIME i ;CY ' f )  E .  LE?$. f:48Ii 
day hr rm sc deg.dq d a y  hr nn sc deg .dq d a y  hr m x deg.dg 




























00 : 57 : 28 
02 : 38: 46 
04: 20: 04 
06:01:22 
07: 42: 40 
09: 2358 
11 :OS: 16 
12:46:34 
14 : 27 : 52 




































17 : 50.28 
19: 31: 46 
21: 13: 04 












ai : 37: i 
03 :22: 04 
05:06:57 
Ob : 51 :SO 
08: 36:43 
10 :21:36 
12 : Ob: 28 
13 :Si :21 
15: 36: 14 
17 :21:07 































03: 58: 17 
05 : 39: 35 
07: 20 : 53 
09 : 02: 11 
10 : 43 : 29 
12 : 24: 47 
14: 06:05 
15: 47:23 







































239 22: 35: 46 20:51: S7 
22 : 32: 35 -44.63 













































































-?? , 2 9  
- 1 2 3 . 7 L  
-139.22 
-156.68 



































io: $2: f Y  
1 1 : 47 : 4 i  
13: 33: $2 
15: is: 24 
17: 03 :4S 
!8:4?:06 
?I; : 34 :?8 
22 : 19 : 49 
-34.37 
-61 .;3 
-1 14. 2b 
-14;. 73 
i b b .  34 
139.98 
113.41 
















02 : 33: 51 
04: 18:44 
06 : 03:37 
07: 48:30 
09:33:23 




































































West longitude i s  negative ( - ) .  
39 
Satellite C1 Satellite C2 Satellite S I  
T I M  (GHT) E .  LONG 







































































03:02: i i  






































O i :  ii:3? 
02: 52 : 55 
04:34:13 
06: 15~31 
07: 56: 49 
09: 38: 07 
11 :19:?6 
13: 00 : 44 
14: 42: 02 
1 6: 23 : 20 
18 : 04: 38 
19: 45:56 
21 :27: 14 







































































0 0 : 49: SO 
02: 31: 08 
04: 12:26 
0553: 44 
07 : 35: 02 
09:16:20 
10:57:38 
12 :38: 56 
f4:20: 15 
16: 01 : 33 
17:42:51 
19: 24: 09 
21: 0527 






























02 : 13: 58 
03: 58 :51 
05: 43: 44 
07: 28: 37 
09:13:30 
10 : 58: 22 
i2:43: 15 
14: 28: 08 
16:13:01 
17 : 57 : 54 
19 : 42: 47 
21 :27: 40 





























00 : 28 : 03 
02: 09 :21 
03: SO :39 
OS : 31 : 57 
07 : 13: 15 
0854: 33 
10:35:51 
12: 17: 09 
13 : 58 : 27 
15: 39: 45 
17:21: 04 
19: 02 : 22 
20 : 43: 40 








































































Of : 47 : 34 
03 : 28:SZ 
05:10:10 
06:51:28 
00: 32: 46 
10 : f.4: 04 
11 : S5: 22 
13: 36: 40 
15:17:58 
16: 59:  16 
1%:40:34 
20 : 21 :53 
22: 03: 11 































West , l ong i tude  is neqative ( -  
40 














01 : 25: 45 
03: 10:38 
04: 55: 31 
Ob : 40 : 24 
08:25:17 
io: io: 10 
11 : 55: 12 
13 : 39: 55 
if: 24 : 48 
17: 09: 41 
18: 54: 34 
20 : 39 : 27 




























01 : 25 : 47 
03: 07: 05 








18: f 8  : 47 
20: 00:05 
21 :45 :23 












































Oi :54: I 5  
03:38:58 
05:23:51 
07 : 08: 44 
08 : 53 : 37 
1 0 : 38 : 30 
12: 23: 22 
14:08:15 
i5: 53: 08 
17: 38: 01 
19: 2234 
21 : 07 : 47 






























ij2: 45: it3 
04: 26~36 
Ob: 07:54 
07: 49: 12 
09:30:30 
11:11:48 
i2: 53: Ob 
14: 34: 24 
16: 1542 
17 : 57 : 00 
19: 38: 18 
2i : 19~36 









































^ .  
-./' 

























249 34P L d  
-29.03 
-55.49 
-8:. 9 b  
4.38. 12 
-154.98 
- i b i .  35 
172. i0 
i 4 5 . 7 2  
9:.  / 9  
39. Et! 
13. 40 































90 : 28: 23 
!!2:?4: 45 
$4:  i a : $6 
0 5 :  55: 27 
07: 4G :49 
19:  2b :  1 G  
1i : 1 1 : 32 
12: f & :  53 
14:4?: 14 
I t :  27 :3& 
is: 12 :57 
:9:58:14 
21 : 43 :  4fl 




- t ie .  93 
-145.3F 























Uest longitude is negative ( - 1 ,  
41 
Satellite S1 Satellite C1 Satellite C2 
T I h E  (GHT) E. LONG. OREIT TIHE (GMT) E. LONG. ORBIT TIM WIT) E .  LONG. O m r r  


















04: 4 4 :  42 
O6:36: 53 
08 : 15 : 25 
10 : 0 0 : 45 
ii:46: ci8 
13: 3s :29 
15:16:50 
17: G2: 12 








08 : 33: 44 
10 : 18: 37 
12: 03: 30 
13 : 48 : 22 
15: 33: 15 
17: 18: 08 
19: 03: 01 
20 : 47 : 54 

























. 21:16:14 . 23:01:07 


















Ob : 00 : 38 
07: 45 :31 
09 : 30: 24 
1 1 : 15 : i? 
13: 00: 10 
14: 45: 02 
16 : 29: 55 
19 : 59: 41 
21 : 44:34 
23 : 29: 27 







































































00 : 34: 35 
02: 15: 53 
03 : 57: 11 
OS: 38 : 29 
07:19:47 
09: 01 :OS 




17 : 27: 35 
19 : 08 : 53 
20 :SO: 12 
22 : 31 : 30 





































































West longitude is  negative ( - ) ,  
42 
Satellite S I  Satellite C1 
TIHE (GHT) E .  LONG. 























































































































00 : 0 3:  37 
0 i .48 :59 
C3:34:20 
05: W 4 1  
07: C5: 53 
08: 50 : 24 





f 7 : 22 : 32 
-3.14 
-65.60 

























































254 ?f:O7:54 3.28 5OCf 













255 21 : 2441 






























i f?  : 23 : 5t; 
0 4 :  c9:  19 
gt , :54:  41 
07: 40: 02 
f ) ? :  25:23 
1i : 10 :45 
;2:56:0t, 
14 : 41 : 27 
!6: 26.43 
i8: 12: i o  
19: 57: 32 
21 : 42 :53 
23:2e:i4 
-49.65 













I . L L  
-tP . i 5  



























02 : 39 : 20 
04 : 24: 12 
06: 09: 05 
07:53:58 
09: 3 8 4  
11 : 2344 
f3:08:37 
14 : 53: 30 
16 : 38: 22 
18 : 23: 15 
21 : 08: 18 
21 : 53: O i  















01 : 10 :31 
02: 9: 4Y
04: 33: 08 
06:14:26 
07 :55:  44 
09: 37: 02 
11:18:20 
i2 : 59: 38 
f4: 40 : 56 
16 : 22 : 14 
i8:03:32 
19 : 44: 50 
21 : 26: 08 











































03: 07 :40 
04 : 52:32 
06 : 37 :25 
08: 22: 18 
10:07:11 
i i  : 52: 04 
13 : 36 : 57 
15:21:50 
f7: 0642 
18 : 51 :35 
20 : 36: 28 














west longitude 15 seqatiue ( - 1 .  
43 

























260 09: 47: 18 
260 11:32:11 












































































02 : 08: f5 
03: 49 : 33 
05: 30 :Si 
07:12:09 
08 : 53 :27 
1 0 : 34: 45 
12:  i6:OJ 
13: 57 : 22 
15 : 38 : 40 
17: 19 :58 
19: 01: 16 
20:42:34 















0 0 :  05:10 
0 1  : 46: 28 
03: 27 :46 
05: 09:04 
06 : 50 : 22 
08:3f :40 
10 : 12: 58 
11 : 54 : 1 6 
13: 35: 34 
15:ib:52 
16: 58: 1 0 
18: 39: 29 
20 :20 :47 
22:02:0s 














































-133. f ?  
-163.49 

















































West longitude is neqative ( - )  
44 
Satellite C1 Satellite C2 Satellite SI 
TIME (GKT) E .  LONG. ORBIT 
day hr nn sc d e g . d g  
TIKE (CMT) E. LONG. ORBIT 
d a y  hr nn sc deg.dq GhT) E .  LOlJG. OREIT nn sc deq . d g  
TIME 
day hr 
00:  14:41 
Of : 59 : 34 
03 : 44: 27 
OS: 29: 20 
07:14:12 
08: 59: Of 
10:43:58 
12: 28 : 51 
14:13:44 
15: 58: 37 
17:43:30 

















262 0 0  41~06 
262 02 22:24 
262 04 03:42 
262 05 45:01 
262 07 26:19 
262 09 07:37 
262 10:48:55 
262 i2:30:13 














































































I t i t  L 0 : A f i  
V U . + ?  A 7 ,  




Ob: 45: 49 
1 0 : 27 : 07 
12: 08:26 




20 : 34 : 56 
22:16:14 
23 : 57: 32 






























A T  r n  























































265 01:39:41 4 .66  2487 
265 03:24:34 -21.60 2488 
265 05:09:27 -48.03 2489 
265 08:39:12 -100.72 2491 
265 10:24:05 -127.07 2492 
265 13:53:51 -179.76 2494 
265 15:38:44 153.90 2495 
265 17:23:37 127.55 2496 
265 19:08:29 101.20 2497 
265 20:53:22 74.86 2490 
265 22:38:15 48.51 2499 
265 0 6 : ~ : 1 9  -74.311 24'20 









































265 23: 13:57 
265 19:51:2i 
West longi?ude i s  neqative l - i  
45 
Satellite C1 Satellite C2 Satellite S1 
T'IHE (GMT) E.  LONG. O R B i T  
day hr nn sc de9.d9 
TIHE ICMT) E. LONG. OREIT 
d a y  hr nn sc deq.dq 
TIME (GHT) E. LONG. ORPIT 





































































































































































00: 15 : 4 1  
01 5249 
03: 34: 17 
OS: 15:35 
Ob : 56: 53 
08: 38: 11 
10:19:29 
12: 00:47 
13: 42: OS 
15 : 23: 24 
17: 04 : 42 
18 : 46: 00 
20 : 27 : 58 
22: 08: 36 
































-9C.88 -iiT, 3:; 






3 0 . 9 3  
4 . 4 7  
- 3 . 9 4  
-48.46 
00 : 03: 15 
01: 48: 08 
03: 33: 01 
OS: 1743 
07:02:46 
08 : 47 : 39 
10 : 32: 32 
12:17:25 
14: 0248 
is: 47: 1 1 
17: 32: 03 
19: i b : %  
21 : 0 1 : 49 





























01 :31: 12 
03: 12:30 
04 : 53: 48 
06 : 35; 06 
08: 56: 24 
09: 57 : 42 
11 : 39: 00 
1320: 18 
15: 01 :36 
16: 42: 54 
18: 24: 12 
20: 0S:30 
21 : 46: 48 















@est long! t u d  is neqative ( - 1 .  
46 
Satellite C1 Satellite C2 Satellite S I  
TIHE (GHT) E .  LONG. OHBIT TIHE (GHT) E .  LONG. ORBIT TIHE (GHT) E. LONG. OREIT 
day hr nn sc deg.dg day hr fin sc deg.dg day  hr fin sc deq.dq 



















i i 5 . 7 2  
:.?.j2 
ti?. Sf 
3 t .  3P 














































00 : 31 : 35 
02:16:28 
04: 0 1  :20 
Of: 46: 13 
07: 31 : 06 
09: 15:59 
11 : 0 0 :52 
12: 45: 45 
14 : 30:38 
16:15:30 
18: 00:23 
19: 45: 16 





06: 14 : 33 
07 : 59: 26 
09:44:19 
11 :29: 12 
13: $4: 05 
14: 58:S7 
16: 43: SO 
18: 2843 
28:13:36 
2i : 58 : 29 











































01 : 09 : 25 
02 : 50 : 43 
04 : 32 : 0 1 
06: 13: 19 
07: 54: 37 
09 : 35 : 55 
11:17:13 
12: 58 : 31 
i4 : 39:49 
16:21:07 
19: 43 : 43 











































































00: W 4 2  
Oi : 56: 34 
03 : 41 : 27 
05:26:20 
07: 11 : 13 
08: 56: 06 
1 0 : 40 : 59 
12 : 2s: si 
14: 10~44 
15 : 55 : 37 
i7: 40 : 30 
19 : 25: 23 


















































BIBLIOGRAPHIC DATA SHEET 
19. Security Classif. (of this report) 
Unclassified 
2. Government Accession No. I 1. Report No. NASA TM-85015 
20. Security Classif. (of this page) 21. No. of Pages 22. Price* 
Unclassified 52 A04 
4. Title and Subtitle 
SATELLITE ORBIT PREDICTOR 
7. Author(s) Morton L. Friedman 
9. Performing Organization Name and Address 
and Major James “Bill” Garrett, USAF 
NASA Goddard Space Flight Center 
Greenbelt, Maryland 2077 1 
12. Sponsoring Agency Name and Address 
National Aeronautics and Space Administration 
Washington, DC 20546 
15. Supplementary Notes 
3. Recipient’s Catalog No. 
5. Report Date 
6. Performing Organization Code 
June 1983 
8. Performing Organization Report No. 
10. Work Unit No. 
11. Contract or Grant No. 
13. Type of Report and Period Covered 
Technical  Memorandum 
14. Sponsoring Agency Code 
Morton L. Friedman: Goddard Space F l i g h t  Center ,  Greenbel t ,  Maryland. 
‘Major James “ B i l l ”  Garrett,  USN: Sco t t  A i r  Force Base, B e l l e v i l l e ,  
I l l i n o i s .  
16. Abstract 
An analog aid to determine satellite coverage of ELT/EPIRB distress incidence. 
17. Key Words (Selected by Author(s)) 
SARSAT 
orbit predictor 
18. Distribution Statement 
Unclassified - Unlimited 
Subject Category 15 
